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76%. Novosphingobium pentaromativorans US6-1, AIT78768, modification methylase
81% | Celeribacter marinum IMCC12053, ALI55832, modification methylase

99 Celeribacter baekdonensis, WP_009570548, restriction endonuclease subunit M

431? Celeribacter indicus, WP_043868221, restriction endonuclease subunit M

59% || — Thioclava sp., WP_038145579, restriction endonuclease subunit M
64% Brucella abortus, B2S9Y5, Adenine-specific methyltransferase Babl; EC 2.1.1.72
62% Caulobacter crescentus, NA1000, AAA18913, adenine methyltransferase
94% | Haemophilus influenzae, P20590, Adenine-specific methytransferase Hinfl; EC 2.1.1.72
13% ————— Moraxella bovis, P34721, Adenine-specific methyltransferase MbolB; EC 2.1.1.72
29% Enterobacteria phage, P08763, Type IIl restriction-modification system
66% Klebsiella pneumoniae, P25238, Adenine-specific methyltransferase Kpnl.
29% —————— Enterobacter cloacae, P14827, Adenine-specific methyltransferase Ecal., EC 2.1.1.72
% —— Moraxella bovis, P23192, Adenine-specific methyltransferase Mboll; EC 2.1.1.72
;IE Haemophilus parainfluenzae, P29538, Adenine-specific methyltransferase Hpal, EC 2.1.1.72
% Enterobacteriaceae, WP_001258895, MULTISPECIES: DNA adenine methyltransferase YhdJ|[Enterob:
Rhodobacter sphaeroides, P14751, Adenine-specific methyltransferase Rsrl, EC 2.1.1.72
oa% [ Citrobacter freundii, P14243, N(4)- cytosine-specificmethyltransferase Cfr9l, EC 2.1.1.113

B85% Xanthomonas campestris, P30774, N-4 cytosine-specific methyltransferase Xcyl, EC 2.1.1.11
64% Serratia marcescens, P14230, N-4 cytosine-specific methyltransferase Smal, EC 2.1.1.113
67% [ Methanothermobacter wolfeii, 059647, N-4 cytosine-specific methyltransferase Mwol, E
51%. Streptomyces fimbriatus, 052513, N-4 cytosine-specific methyltransferase Sfil, EC 2.1.1.11{
69% Bacillus amyloliquefaciens, P18051, N(4)-cytosine-specific methyltransferase BamHiII

Bacillus sp., Q9LAI2, N(4)- cytosine-specific methyltransferase Bsll, EC 2.1.1.11
Bacillus subtilis, Q45489, N(4)- cytosine-specific methyltransferase Bglll, EC 2.1.1.113
Streptomyces caespitosus, 052692, N-4 cytosine-specificmethyltransferase Scal, EC2.1.1.113
illus stearothermophilus, P70986, N(4)- cytosine-specific methyltransferase BsoBI, EC 2.1.1.113
Kocuria varians, P14244, N-4 cytosine-specific methyltransferase Mval, EC 2.1.1.113
’yrococcus abyssi, QOUY84, tRNA (guanine(10)-N2)-dimethyltransferase; EC 2.1.1.113
'rmococcus thermolith, P05409, Probable tRNA (guanine(10)-N2)-dimethyltransferase; EC 2.1.1.213
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Hl 4 7] &

Algtell dofA DNA e sk (methylation)= A9 FZ27d (genome integrity) 3 2 F2X Lo x4 7]
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(Alphaproteobacteria)ol A FEX o2 HER] th(Gonzalez, Kozdon, McAdams, Shapiro & Collier, 2014).

cerM @A e Fh&2ube I AT 2(Caulobacter crescentus) NA1000 52 B4l wAEoA FHx 2HS %
Asle 8 7|5 9wz mdg2 A7 FtH(Kozdon, Melfi, Luong et al., 2013). ccerM @z 3t - L

- Wdg}ol A (methylase) &AL 7FAH, S-o}v| =2 w €] & (adenosylmethionine)S 7| A& &ko] 5'-GANTC-
319 DNA 947] Mdde] ol (adenine) S N-mEobt] Al (nethyladenosine) ©.2 W3Hat W oz} o\ 79
o MolEA §17]2 N-v|espo] Bl (methyleytosine) &2 €} & 4= 2lth(Jeltsch, Christ, Fatemi et al.,
1999) . cerll Aol N- 2 N-wSefolal BHL odsle ea mae] Dol obul 5] HEE A5
Wio] C-lEel B FAEE MY EALselola|el FREle] 9g@male] ofn]x wE 3l (exocyclic amino
modification)o]2} E#t}(Loenen & Raleigh, 2014).

B dwygE5e g 7 w8l Al Novosphingobium pentaromativorans US6-1 (Sohn, Kwon, Kang et al.,
2004)e] = ZE  Ai(draft genome)S EAEF]  mExFe]  wWEkA w3leA EEf-d A} (aromatic-
hydrocarbon-degrading genes)E 913l w®}  Ath(Luo, Kang, Kim et al., 2012). Novosphingobium
pentaromaticivorans US6-12] AIT78768-> 5-GANTC-3' 7] A &<l oldli=ale] <gaz]e] o}l (exocyclic
amine)©ll w2 7] (methyl group) & | ga}od N-d g oty ma1S ATt Novosphingobium
pentaromat icivorans US6-12] AIT787682 GpC % GpC 2] Mo]EAlL] 9]gkra]2] o}Wl(exocyclic amine)ol

o€ 7] (methyl group)S 2 &ate] N-espo] EAS AT,

Y 7] ¢
E5E2d

S5 0001) #HHE A TsRe vFINES SFHUE Al 6492168% 'Methyltransferase gene and
enzyme"ol A= F2d2H(Chlorella) vFo]2]2 NYs-10.25-E #o|EAIS HEslsl= Alqf GpC HE E WAy dfo}
A (GpC methyltransferase)(M.CviPI)E 7RAlstar vt (Kladde, Simpson & Xu, 2003, Kladde, Simpson & Xu,
2002, Kladde, Simpson & Xu, 2006).

(E3]&3 0002) Razin 59 vl=m3/MES T35WHE Al 52963715 "DNA encoding spiroplasma sp. dna
methylase"= 23 ZZ8}=v}(Spiroplasma sp.)Z45E CpG methyltransferases 453}sl= FAA] 7] A
gL 931 (Razin, Rottem & Renbaum, 1994), & HI/NES S=H3E A 04126763 "Method for producing
the spiroplasma SP. DNA methylase"& 8|3t 23 2Zet=nle] CpG WY EWALHZolAE S 2E (host ) ol A
W Elo] AAelE WS JWAIEL 9) (Razin, Rottem & Renbaum, 1991, Razin, Rottem & Renbaum, 1995).

H] £ 5]¢]
(ME3FEA 0001)  Cp¢ WHEEMAFHZGolAI(M.SssDE o7t gFFdQetel= <14 M A(double-
stranded dinucleotide recognition sequence) 5'-CG-3'¢] REE Mo]EA(C5)S wHE3} FTh(Renbaum,

Abrahamove, Fainsod et al., 1990).

(B53Ed 0002) FZA(Chlorella) vho]d] NYs-10 2R E F23E GpC WP EANv ghobA| = dhe 2o}
(Escherichia coli)®} & X (Saccharomyces cerevisiae)ollA @3&3}e] in virto AFoA] GpCel #olEAS WY
g 819t (Xu, Kladde, Van Etten & Simpson, 1998)
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AARE T, BESMEE Hi= SYBR 2%l 89 SO AASsAY, e UV AEWe sdste], DNAE HE
ok dijkdow, BA Aqdo] HolAl ik TwmByl EASE Wkl AREE vk SolHd fHA Ad
of Bd ofF=, dA AE"EE PR, =1 =3 EA48E Eote] ASshs mRNAE HESHAY, T d3skd
AR e WSAQ FAE ARSShe WY AWl s aAdE 4 vk oAl Wy A d=
A= ELISA, WAd W AR 2 A=A W AAYRE 238y, old dAH= A ofy.

o] Fel= 7] DNA g EdavTfold] ©jdS o] &3 DNA e Edl A etolAlE dFo R

pus [e) Xﬂ%fﬂ—q
ggol g
E odhgol A5F DNA WHEAAH ol s Atas A Hosla DNAY ZE% B4 WIE fxsle] Aga
2 92 MES AAAROEAN 4 EolAS FUHANY. w3, (p6 T GpC WYl 38 fAx 3d 24
A+, DNA ®lo]A 1% H(major groove)e @7|AA Solz &3 A, WEIE o] &3 DNAY 3% T4 HAl

(tritium-labeling)el &34 o] &=},

o
12 M3 zAlf(archea)d] ©E 159 T3 gz ewreEol #59 corM WEE @ E oA
A2 G7IMEd 2A ASTd FABAE BT -,

oS oS dAs] ddstaat drhl o5 HA] de oA B s Wk A%
[e)

< o Ak o5 Aol s ATEA erhs
A o] Wigo] & = slERopl A B4 AN 7 A gl AFE Aol

<A Ao 1> Celeribacter marinus IMCC12053 @4 DNA wWEaolA] &g & d7] AE vl

ol Byl BAY Celeribacter marinus IMCC12053(Baek, Choi, Kang et al., 2014)& ule| 2] @ 3ol
P12053LS #eldhs 52 AR8E vk gltk(Kang, Jang, Oh et al., 2012).

a2 8| @ vhel| 2] ool &3k IMCC12053 5+ SMRT(single-molecule, real-time) WH(Eid, Fehr, Gray et
al., 2009)% o] g3lo] MAEGAA A7) 4D BAF = fade A7) AQae] N-vEoeldld, 5-uesol
B4, g3 N-vgsolEale] ol 71ulg Al7113 (specific kinetic signature)® o]&ste] @7 A4
o] ofdl:=Al B solEAle] WHEs FAS
o]-&% INCC12053 #5o] A &4 AFE ol&sto] DNA €71 MAde] obdmal Bl o] =Al f7] Aol
24z N-vlgoblmdl 2 N-dgelEa o2 WY H: Ae 7S
program(Lawrence, Altschul, Boguski et al., 1993)& o]&3te] X33}, A B A}, Celeribacter
marinus INCC12053% 5'-GANTC-3'¢] ofd|:=il e N-vgold il o Washs §a42 B3 gom, NCBI
Conserved Domain Database2] CDD search (Marchler-Bauer, Derbyshire, Gonzales et al., 2015)E &34

cerMs 23 AN LS T8 F AJATHE D).

2 9|¥lS Gibbs motif sampler
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guj= 2 uHz|of #F (strain)& 7H2] DHA HE EFAmzlotd] Bla

Cirganism

Lotus tag

Description

COD0 result

Comment

Caufobacter
vibrovdes NALDDO

CONA DDIED

adenine-zpecific
methyltransferase

e~

cori

CCNA DOBES

Type O restriction
enzyme, methylase
wbunits

adening
methyltansferase
with an associated
restichon enzyme
demain

CCMA DlDES

DNA-gytosing
methyltransferase

DMA-cytosine
methylramferase

Novasphingobdim
peraramativoans
U56-1

DnA medification

methylase

——— iy

restriction
endonuchease
subunit M

AITTRIZ3

Type T restriction
enzyme, methylase
subunit Yeed,

rr—

Annotated x
“actate
dehydrogenase” [7)

Celermbacter (armus
IMCC12053

IMCC12053_1EBS

DA modification
methylaze

IMCC12053_B05

Predicted hé-
sdening.specfic
DNA methylase

TACCLZ053_2040

DHA modification

methylase

Frv——

MMOC12053_ 53116

DA modification
methylaze

T
1"
il |

e iy

Cadarbaciar
baskdesnsis B30

83D 03115

adenine-specific
methyltransterase

1
M

B30_06546

Fredicted hs-
adenine-specific
DNA methylase

e

Celenbacter indicus
P73

P73_0385

adeninespecific
methyliransferase

P73 2804

DNA-cytosine

methyltrancferase

P73 2233

Predicted M-
adenine-specific
DA methylase

C-5 cytosine-
specific DNA
methylase

T

<A Ao 2> DNA HEZobA ] CpG /CpG BolF &4 84

gupz gute|E|ot Celeribacter marinus INCC12053 =] WlE3} & 4:(gil937545064]gblALI55832.1)+= bt
Ao Eo]zel wEl3} FA(adenosine-specific DNA methylase)?l FA]dl N4—cytosine°ﬂ Eo)A¢l HE3 g&
(N4—cytosine specific DNA methylase)@o] dEHATHF & 1). oS Q317 98t Celeribacter marinus
IMCC120532] IMCC12053_18853(Genbank acc. ALI55832)< 5'-GANTC-3' 7] A Q9] ofdl:=ile] <]gare]e] o}l

(exocyclic amine)ol] W 7](methyl group)E X|3}3}¢] Nﬁ—ﬂ]‘éo}ﬂl‘i/ﬂ% MAERT(FE 2). Celeribacter
marinus IMCC12053¢] IMCC12053_18853 (Genbank acc. ALI55832)S CpG 2 CpG &x]2] Mo|Exle]l 9|dkiiz] 9
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@ﬂ@mwdkaMmﬁﬂﬂ%ﬂmamlgwm%iﬁﬁﬁPﬁﬂ%%ﬂiﬁ%@ﬁﬂﬁqGED.

X2

1HCC12053 fr AAo] <jaf HFA pHEAO EHN W yoyEoj| e DE=

Motif Left  Riglht No. Avg. Score

Element End End Motifs  (-10 LogP)
| swaliCon 0 9 0 43 25.7
] 00,0 8 1 F 74,7
] .w.-C..G__- -7 2 /] 251
O ¢ - e -6 3 10 234
O -5 4 439 25.4

.]- u -c- c._..u-. . -3 'G _f,-
1 _CoCas- . 7 19 253

b
.
‘J'I
o |

1 Crel.e.. -1 g 9 28,1
Lrr.iCone 0 9 19 278
| _aaTr ol -9 0 65 51.9
| __xATzA -3 1 35 51.9
| CATTC -4 5 1537 59.8
| GAaTC. -3 6 1110 59.3
. MiTse 2 1
1 AanaTxC -1 8 9 218
BaadrC . © 9 8 23
[0040]
[0043] s
[0044] Baek, K., Choi, A., Kang, I. & Cho, J. C. (2014). Celeribacter marinus sp. nov., isolated from coastal
seawater. Int J Syst Evol Microbiol 64, 1323-1327.
[0045] Clark, T. A., Murray, I. A., Morgan, R. D., Kislyuk, A. O., Spittle, K. E., Boitano, M., Fomenkov, A.,
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=g
EH1
76% — Novosphingobium pentaromativorans US6-1, AIT78768, modification methylase
81% _{ Celeribacter marinum IMCC12053, ALI55832, modification methylase
99% Celeribacter baekdonensis, WP_009570548, restriction endonuclease subunit M
48% « Celeribacter indicus, WP_043868221, restriction endonuclease subunit M
59% | — Thioclava sp., WP_038145579, restriction endonuclease subunit M
64% | Brucella abortus, B2S9Y5, Adenine-specific methyltransferase Babl; EC 2.1.1.72
% | Caulobacter crescentus, NA1000, AAA18913, adenine methyltransferase
94% | Haemophilus influenzae, P20590, Adenine-specific methytransferase Hinfl; EC 2.1.1.72
13% | —— Moraxella bovis, P34721, Adenine-specific methyltransferase MbolB; EC 2.1.1.72
99% | Enterobacteria phage, P08763, Type Il restriction-modification system
66% —— Kilebsiella pneumoniae, P25238, Adenine-specific methyltransferase Kpnl.
29%| | Enterobacter cloacae, P14827, Adenine-specific methyltransferase Ecal., EC 2.1.1.72
7% Moraxella bovis, P23192, Adenine-specific methyltransferase Mboll; EC 2.1.1.72
Haemophilus parainfluenzae, P29538, Adenine-specific methyltransferase Hpal, EC 2.1.1.72
% Enterobacteriaceae, WP_001258895, MULTISPECIES: DNA adenine methyltransferase YhdJ|[Enterob:
Rhodobacter sphaeroides, P14751, Adenine-specific methyltransferase Rsrl, EC 2.1.1.72
os% [ Citrobacter freundii, P14243, N(4)- cytosine-specificmethyltransferase Cfr9l, EC 2.1.1.113
g5% | — Xanthomonas campestris, P30774, N-4 cytosine-specific methyltransferase Xcyl, EC 2.1.1.11:
9 —— Serratia marcescens, P14230, N-4 cytosine-specific methyltransferase Smal, EC 2.1.1.113
67 Methanothermobacter wolfeii, 059647, N-4 cytosine-specific methyltransferase Mwol, E
9 Streptomyces fimbriatus, 052513, N-4 cytosine-specific methyltransferase Sfil, EC 2.1.1.11{
69% Bacillus amyloliquefaciens, P18051, N(4)-cytosine-specific methyltransferase BamHilI
b Bacillus sp., Q9LAI2, N(4)- cytosine-specific methyltransferase Bsll, EC 2.1.1.11

Bacillus subtilis, Q45489, N(4)- cytosine-specific methyltransferase Bglll, EC 2.1.1.113
Streptomyces caespitosus, 052692, N-4 cytosine-specificmethyltransferase Scal, EC2.1.1.113
fllus stearothermophilus, P70986, N(4)- cytosine-specific methyltransferase BsoBI, EC 2.1.1.113
Kocuria varians, P14244, N-4 cytosine-specific methyltransferase Mval, EC 2.1.1.113
’yrococcus abyssi, QOUY84, tRNA (guanine(10)-N2)-dimethyltransferase; EC 2.1.1.113
'rmococcus thermolith, P05409, Probable tRNA (guanine(10)-N2)-dimethyltransferase; EC 2.1.1.213

0.10

s

<110> OH, Hyun-Myung

<120> Marine Microbial DNA Methylase Genes and Enzymes Working on
Exocyclic Amine Group of Adenosine or Cytosine and Methods of
Preparation Thereof

<130> PN150060

<160> 2

<170> KoPatentIn 3.0

<210> 1
<211> 1101
<212> DNA

<213> Unknown
<220><223> Celeribacter marinus

<400> 1
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atgacgacga aaacacgtga ggcagccaca gagctgecge taaaccagat tcttggtgge 60
gattgcatcg agattatgaa cagccttccc gaaggatctg ttgacctgat ctttgcagat 120
ccceegtata acctacagcet gegeggtgat cttcaccgec ctgacaattc caaagttgac 180
gccgttgacg acgattggga tcagttcgat agctttaagg tctatgacaa ctttacccge 240
gattggcttg ccgececgegeg cegtgtecte aaaccgaacg gtgegatttg ggegattgge 300
tcatatcaca acgtgtaccg catgggcgec gagctccaga accaaggttt ctggattctg 360
aatgacgttg tgtggcgcaa atcgaatccg atgceccgaact ttcggggcaa acgattcacc 420
aatgcccacg aaaccattat ctgggegtcc aaaaacgaag ccgcgaaata cacgttcaac 480
tatgaggcge tcaagtcgtt gaatgagggt attcagatgce gctccgattg ggtcttgecg 540
atttgtaacg gtggcgaacg tctcaaaaat gaagacggcg aaaaagcgca cccaacgcaa 600
aaacccgaaa gettgttgeca ccecgtattcectg gttggcacga ccaatcccgg cgatgtggtg 660
cttgacccgt tctttggcac gggcacaacc ggegetgtgg ccaaaatget aggecgtgag 720
ttcatcggca tcgagecgcega atccaaatac cgcecgaagttg ctcaaaaacg catcgacgcec 780
gtgcgcaagt tcgacaaaga cgegttgegt gtctccacgt ccaagegege cgaaccacgt 840
gtgcecgttcg gecagttggt tgagegtgge atgttgegtce cgggtgagga gttgtectee 900
ctgaacggtc gtcgcacgge aaaggtacgc gcagatggaa ctcttgtgtce caacgatgtce 960
aaagggtcca ttcatcaggt cggtgcacat cttgagggcg cgecctcegtg caatggetgg 1020
acgtattgga cgttcaaacg ggatggaaaa caggttccga ttgatgtget tcgtcaacaa 1080
atccgegegg agatgaacta g 1101
<210> 2

<211> 366

<212> PRT

<213> Unknown

<220><223> Celeribacter marinus IMCC12053

<400> 2

Met Thr Thr Lys Thr Arg Glu Ala Ala Thr Glu Leu Pro Leu Asn Gln
1 5 10 15

Ile Leu Gly Gly Asp Cys Ile Glu Ile Met Asn Ser Leu Pro Glu Gly

20 25 30
Ser Val Asp Leu Ile Phe Ala Asp Pro Pro Tyr Asn Leu Gln Leu Arg

35 40 45
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Gly

Asp

65

Asp

Trp

Asn

Thr

145

Tyr

Trp

Phe

225

Phe

Arg

Thr

Arg

Asp Leu
50

Trp Asp

Trp Leu

Asn Gln
115
Pro Met

130

Val Leu
Glu Lys

195
Leu Val
210

Gly Thr

Ile Asp

Ser Lys

275
Gly Met
290

His Arg

Gln Phe

Ala Ala

85

Gly Ser

100

Gly Phe

Pro Asn

Trp Ala

Leu Lys

165

Pro Ile

180

Ala His

Gly Thr

Gly Thr

Arg Ala

Pro Asp Asn Ser
55
Asp Ser Phe Lys
70

Ala Arg Arg Val

Tyr His Asn Val
105

Trp Ile Leu Asn
120

Phe Arg Gly Lys
135

Ser Lys Asn Glu

150

Ser Leu Asn Glu

Cys Asn Gly Gly
185

Pro Thr Gln Lys

200
Thr Asn Pro Gly
215
Thr Gly Ala Val
230

Arg Glu Ser Lys

Arg Lys Phe Asp
265
Glu Pro Arg Val

280

Lys

Val

Leu

90

Tyr

Asp

Arg

Pro

Asp

Tyr
250

Lys

Pro

Val

Tyr

75

Lys

Arg

Val

Phe

Arg

Val

Lys

235

Arg

Asp

Phe

Leu Arg Pro Gly Glu Glu Leu Ser

295

Asp Ala Val Asp
60

Asp Asn Phe Thr

Pro Asn Gly Ala

95

Met Gly Ala Glu
110

Val Trp Arg Lys

125

Thr Asn Ala His

140

Lys Tyr Thr Phe

GIn Met Arg Ser

175
Leu Lys Asn Glu
190
Ser Leu Leu His
205
Val Leu Asp Pro
220

Met Leu Gly Arg

Glu Val Ala Gln
255
Ala Leu Arg Val
270
Gly Gln Leu Val
285
Ser Leu Asn Gly

300
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Asp

Arg

80

Leu

Ser

Asn
160

Asp

Asp

Arg

Phe

240

Lys

Ser

Glu

Arg
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Arg Thr Ala Lys Val Arg Ala Asp Gly Thr Leu Val Ser Asn Asp Val

305 310 315 320
Lys Gly Ser Ile His Gln Val Gly Ala His Leu Glu Gly Ala Pro Ser
325 330 335
Cys Asn Gly Trp Thr Tyr Trp Thr Phe Lys Arg Asp Gly Lys Gln Val
340 345 350
Pro Ile Asp Val Leu Arg Gln Gln Ile Arg Ala Glu Met Asn

355 360 365
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